respectively. Note that the ultraviolet (UV) emissions from Tm 3+ at 289 nm in pure NPs were also integrated for calculation, though that they were totally quenched in NPs-sensitized PeQDs.
Supplementary Note 3:
Determination of the absolute UCQYs. The absolute upconversion quantum yields (QYs) were measured on a customized absolute upconversion QY (UCQY) measurement system combined with a fiber optic spectrometer (QE65pro, Ocean Optics), a standard barium sulfate coated integrating sphere (150 mm in diameter, Edinburgh), a 980 nm CW diode laser (MDL-III-980-2W, Changchun New Industries Optoelectronics Tech Co., Ltd.) as the excitation source, and a neutral density filter to attenuate the excitation light. The measurement was conducted deliberately according to the protocols reported by van Veggel and U. R. Genger et al.
(Supplementary Ref. 2 and 3)
. The integrating sphere was mounted on the optical platform with the entry and output ports of the sphere located in 90° geometry from each other. All the solution samples of the NPs and PeQDs were mounted in a quartz cuvette located in the center of the integrating sphere. Pure cyclohexane solution for reference were mounted in another quartz cuvette in the integrating sphere with a distance of 1 cm away from the samples. Samples were excited with a 980 nm CW diode laser. An optical lens was used to collimate the laser beam and direct on the sample with a foucs of 1 mm 2 and a laser powermeter (Model 1918-C, Newport) was applied to measure the excitation power on the sample. The absorption of the samples at 980 nm was measured by changing the position of the samples and the reference, and calculated by their difference of the corrected excitation spectra. Baffles were employed on both sides of the sample holder to ensure that no scattered excitation or emission light would be collected before scattering off the inside of the sphere. All the spectroscopic data collected were corrected for the spectral response of both the spectrometer and the integrating sphere. The response of the detection systems in photon flux (integrating sphere, monochromators, and detectors) was determined using a calibrated tungsten lamp (100 W, Edinburgh). The normalization curves were then applied to all measured spectra. The UCQYs were then calculated by (Supplementary Ref. 2)
where N e and N a are the photons emitted and absorbed, respectively; L S is the emission intensity, E R and E S are the intensities of the excitation light in the presence of the reference and the samples, respectively. The upconversion emission peaks in the spectral region of 330-740 nm were integrated for the QY determination. All the UCQYs for each sample were measured independently for three times under identical conditions to yield the average value and standard deviation. ) under 980 nm diode laser irradiation. Through surface passivation by growing an inert LiYF 4 shell, the integrated UCL intensity of the core/shell NPs was enhanced by a factor of 5.9 relative to their core-only counterparts, due to the decreased surface quenching effect. , respectively. Under 980 nm excitation, the NPs-sensitized QDs displayed characteristic QDs exciton emission at 590 nm, while the UV and blue emissions of Tm 3+ from the NPs were completely quenched, as a result of radiative energy transfer from the NPs to the QDs.
Supplementary Figure 5. Power density dependence of the

